The objective of this study was to quantify the effects of protection on herbaceous species composition, total plant cover, dry matter, plant density, floristic richness and diversity. Characteristics of vegetation under continued grazing and protected area for 10 and 65 years were examined in a degraded arid environment in South Tunisia. Our results show that protection enhances significantly (two times) different vegetation parameters. However, long-term protection was found to reduce biomass production, plant density and floristic diversity. Some palatable species such as Stipagrostis ciliata, Helianthemum sessiliflorum, Eragrostis papposa, Echiochilon fruticosum and Cenchrus ciliaris were frequently found in the protected sites. In the grazed site, these species were being replaced by less desirable species: Astragalus armarus, Peganum harmala and Artemisia compestris. This emphasized the importance of conservation stocking rates and proper pasture management.
Introduction
Livestock grazing is one of the main causes of degradation in arid and semi-arid ecosystems [1] - [3] . Grazing frequently operates through the reduction of plant cover and fragmentation followed by disappearance of vegetation patches, reducing their size and/or numbers [4] and leading to soil erosion and losses of nutrients from the exposed soil [5] . Grazing increased, reduced or lacked consistent effect on plant diversity [6] . These contrasting patterns of response were attributed to differences in grazing intensity, with greatest diversity expected at intermediate levels of grazing [7] [8] . Indeed, the protection or exclosure is considered as an effective approach for the restoration of soil and vegetation. However, lack of replication, unreliable measurement techniques, and inadequate duration of exclusion treatments has made it difficult to draw definitive conclusions from these studies [9] .
In spite of the importance assigned to the protection, the main aim of this study was to investigate vegetation dynamics in Tunisian arid environment. Vegetation characteristics were compared in the grazed area and protected area after 10 and 67 years of exclosure.
Materials and Methods

Study Area
The experiment was carried out in three sites located in Bou Hedma National region (South of Tunisia, Figure 1 ) and differing in grazing intensity. The two first sites, inside Bou Hedma National park were submitted to light grazing (the stocking density is about 1 animal per 40 ha), however the third in the neighboring pastoral grazing land is heavily grazed by sheep and goats (the stocking density equal to about 2 animals per ha). Bou Hedma National Park (34˚39'N and 9˚48'E), is characterized by an arid Mediterranean bioclimate with a moderate winter [10] . The mean annual rainfalls vary between 100 and 200 mm. The annual mean temperature is about 17.2˚C while the minimal and maximal monthly temperature means were respectively 3.8˚C (December and January) and 36.2˚C (July and August). The soils are sandy to sandy loam soils, medium and coarse textured, undeveloped due to old and clastic deposit of Quaternary age on the slopes of Jebel torn by water erosion and covered by Acacia tortilis subsp. raddiana pseudo-savanna in association with perennial herbaceous species such as Cenchrus ciliaris, Hammada schmittiana, Hammada scoparia.
Climatic Conditions during the Investigation Periods
The studied year (2001/2002 growing seasons) was a wet season since the annual precipitation reached 146.4 mm (Figure 2) . Precipitation started with a good quantity during the month of October (48.6 mm) and was well distributed in time, witch facilities the annual species appearance and the starting of the perennial species development.
Vegetation Sampling
The present study was conducted during the spring of 2002, period of peak vegetation cover. Three sites were selected for sampling. The first area (Gr) is continually grazed. The second area (10 pr) had been protected for 10 years at the time of this research. The third area (65 pr) had been protected for 65 years.
In the first study site, 43 (20 m long) transects were, random, set up in order to measure the floristic composition, total plant cover and individual species cover using the quadrat point method [11] . In the same way, 43 transects were placed at the level of the second and third study site. Observations were made every 10 cm, for a total of 200 points along each transect to determine total plant cover (%) and cover (%) of each herbaceous species sampled.
Density of perennial species per square meter was determined within forty three 20 m 2 area quadrats in the two protected site and 43 in the grazed site.
Dry matter was assessed by the formula of Le Houérou (1987) [12] : DM (kg•ha −1 ) = r × 43.1 ± 3.6 where r is the perennial species cover.
The importance and the distribution of species in the lightly and heavily areas were studied using the Shannon-Weaver index [13] . This index is defined by the following formula:
with i i P n n = where P i is the relative frequency of the species; n i , the mean cover of the species i, and n the total cover of all species.
Data Analysis
We evaluated the effect of protection on vegetation parameters by using one-way ANOVA, with grazing management as fixed factor. ANOVA analyses were conducted with the SPSS (11.5) . The values of the probability lower than 0.05 (p < 0.05) were regarded as statistically significant.
Results
Protection generates a significant increase of total plant cover. The total plant cover was 1.6 and 2.4 times greater in the 10 ex and 65 than the grazed area (Figure 3(a) ). Mean values ranged between 31% in Gr and 50% to 72.24% in the 10 pr and 65 pr respectively. In the same way the present study showed that plant density was significantly affected by grazing intensity (p < 0.05). The plant density in the 65 pr and 10 pr was respectively 2 to 2.47 times higher than the plant density in the Gr (Figure 3(b) ). These results agree with those cited by Gardner (1950) which shows, also, a significant increase of plant density under protected area compared to grazed areas.
Calculated dry matter also increased significantly under protection condition. With the increase of exclusion time (Figure 3(c) ). Mean values were 1.67 and 3.19 times higher in 65 pr and 10 pr respectively, than in Gr. Significant differences were found between the three grazing regimes. In other hand, our study shows that protection influenced positively the species richness and the ShannonWiener diversity index. Indeed, species richness did not exceed 19 in the Gr, but it reached respectively 23 and 29 in the 10 pr and 65 pr (Figure 4(a) ).
However, we should note that the Shannon-Weaver index H', relatively higher in the grazed area (Figure  4(b) ).
In terms the of floristic composition ( Table 1) , statistical analysis of the species cover produced significant differences for some palatable species such as Stipagrostis ciliata, Helianthemum sessiliflorum, Eragrostis papposa, Echiochilon fruticosum, Cenchrus ciliaris and Cynodon dactylon. In the same way, the cover of some annual specie such as Chenopodium album, Paronychia arabica, Plantago ovata and Stipa capensis was significantly higher inside the two protected area compared to the grazed site.
Some less palatable species (Astragalus armarus, Peganum harmala and Artemisia compestris) are significantly frequent outside the park (p < 0.05). A non-significant difference was found between sites for other species such as Polygonum equisetiforme, Onopordum espinae, Medicago truncatula, Lotus creticus, Euphorbia retusa, Astragalus corrugatus, Asphodelus tenuifolius and Argyrolobium uniflorum. Their cover varied between 0% and 0.33% in the grazed area and between 0% and 0.55% in the protected area.
Discussions
In accordance with Brown and Al Mazrooei (2003) [14] and Belsky (1992) [15] , this study shows that the total plant cover was higher in the two protected areas than in the grazed area. Other studies have also shown that cessation of grazing can increase plant cover [16] [17] . Our results suggested that the benefic effect of this type of management increases with protection age.
A high number of individuals support the fixing of soil particles, which has a positive effect on fertility (soil organic matter decomposition and nutrient dynamics) and water balance of soil (reduction of evapo-transpitation). However, a decrease of plant density was recorded in the 65 pr compared with 10 pr. Conversely, the decrease of total plant cover and perennial species density in the highly grazed area can be possibly due to a long history of over-grazing. These results are in agreement with those obtained by YongZhong et al. (1989) [18] in China and by Jeddi and Chaieb (2010) [19] in South Tunisia. Noy-Meir et al. (2005) [20] reported that when there is a decrease in perennials grasses whose superficial roots encourage soil aeration, there is a decrease of water infiltration coupled with ligneous species reduction.
The increase of dry matter production agrees with those of Shaltout et al., (1996) [21] which indicated that the maximum biomass was attained after 2 years of protection, after dropping dramatically inside but not outside the protected area. This author concluded that both continuous protection and continuous free grazing have deleterious effects on vegetation.
Other studies in similar habitats have shown that four years of protection had led to the regeneration of vegetation, e.g., Brown and Al Mazrooei (2003) [14] , in northern Kuwait and under arid bioclimate. Manier and Hobbs (2006) [9] concluded that five decades caused minor changes in cover and diversity of herbaceous plants, but caused a clear increase in the cover of shrubs.
On the other hand, several authors [22] agree on the fact that plant diversity is strongly influenced by the degree of disturbance. This is in agreement with our results that the diversity of habitats increases with disturbance and decreases under the effect of long-term protection. Indeed, the Schannon diversity index (H') increases regularly until 10 years (Abdallah et al. 2011) [23] to 15 years of protection. However, beyond 10 to 18 years of protection, H' decreases abruptly [24] . These results can be explained by the fact that arid Mediterranean steppes are typically dominated by therophytes under heavy anthropogenic degradation especially during rainy period, which guarantees a high diversity as we have shown.
The present results offers evidences supporting the theoretical prediction [25] that herbivore-induced changes in community composition are controlled by a suite of factors influencing ungulate selectivity and plant tolerance and herbivory. This pasture is generally selective and the palatable species are very threatened. Intense grazing of rangelands often results in highly competitive palatable species replaced by less palatable species which are often considered less desirable or even worthless plants [26] . Comparable results were reported by Primack (1993) [27] . West and Smith (1997) [28] and Aronson and Le Floc'h (1995) [29] also recorded a rare faction of good pastoral value species in the grazed areas.
